S eptic shock, systemic inflammation (trauma, major surgery, cardiopulmonary bypass, and the like), or pharmacologic vasodilatation (phosphodiesterase inhibitors, sedative drugs, epidural or spinal block) often cause systemic hypotension despite a normal or increased cardiac output (1) . Under these circumstances, hypotension may persist despite vigorous volume expansion. Potent systemic vasopressor agents-such as noradrenaline (norepinephrine in North America), so-called high-dose dopamine or adrenaline (epinephrine in North America), phenylephrine, or lowdose vasopressin or terlipressin-can then be used to restore an acceptable mean arterial blood pressure (2) (3) (4) (5) .
In the above clinical setting, acute kidney injury (AKI) is common. When AKI is present, the use of vasopressors is typically fraught with controversy because of a belief that renal vasoconstriction is responsible for AKI and because of the belief that such drugs will make renal vasoconstriction worse and induce more AKI. In this article, we will review the evidence on the renal effects of such drugs in critically ill patients with systemic vasodilatation. However, we will not discuss vasoactive drugs that induce vasodilatation (nitroprusside, glyceryl trinitrate) or drugs that, although vasodilating, are predominantly inotropic in nature (phosphodiesterase inhibitors or dobutamine). We also will not discuss the issue of so-called low-dose dopamine, as this agent typically does not have systemic vasopressor effects unless given at higher doses.
The Rationale for Using Vasopressors in AKI
The rationale for vasopressor therapy in hypotensive states is based on the physiologic knowledge that, in all regional circulations-including the renal, splanchnic, cerebral, and coronary bedsblood flow is pressure-dependent outside of levels of pressure that remain within the autoregulation values for a given regional circulation. This means that, if cardiac output is preserved, as long as blood pressure is maintained at a sufficient value, organ blood flow also is preserved. However, when blood pressure falls below a given value (autoregulatory threshold), the ability of autoregulation to maintain vital organ blood flow is lost. Then, as blood pressure falls, organ blood flow also decreases in an almost linear fashion. Decreased blood flow may induce organ ischemia, which in turn may contribute to organ failure. This decrease in blood flow may be particularly marked in those patients with critical renal, mesenteric, carotid, or coronary lesions (atheroma, fibroplasia, and the like). Furthermore, this fall in renal blood flow is likely to occur at a higher blood pressure value in these patients, as well as in those with long-standing hypertension. It also is important to note that different vascular beds will lose autoregulation at different blood pressure values. For example, the mammalian kidney appears to do so at a mean arterial pressure (MAP) of about 80 mm Hg, while the brain and coronary circulation require a MAP of somewhere between 30 and 50 mm Hg, instead (Fig. 1) . In addition, the pressure-flow relationship for the kidney appears to follow a relatively steeper slope than that of other regional beds. Thus, for a given fall in blood pressure, the proportional fall in blood flow would be expected to be particularly sharp for the kidney.
These physiologic observations suggest that the restoration of blood pressure is a logical and desirable therapeutic goal in the pursuit of renal protection, particularly if a patient remains hypotensive and oliguric after adequate fluid resuscitation. Unfortunately, the drugs necessary to restore a higher MAP have properties that raise concerns about their use.
Norepinephrine
Norepinephrine is very effective in raising arterial blood pressure and, under almost all circumstances, can be titrated to achieve the desired MAP in a given patient. However, because norepinephrine is believed to induce vasoconstriction via ␣-adrenergic stimulation, there is concern it also may decrease vital organ blood flow, if regional vascular beds constrict in excess. In such a scenario, intraorgan vascular resistance would increase proportionately more than perfusion pressure and overall blood flow would decrease, particularly for the kidney.
In fact, norepinephrine infusion has been reported to decrease splanchnic (6, 7) and renal blood flow (8 -10) under normal circulatory conditions, as well as during essential hypertension and hypovolemic hypotension. These reports have significantly inhibited the clinical use of norepinephrine.
The above studies that suggest norepinephrine may induce splanchnic or renal ischemia, however, are open to several criticisms. Importantly, they do not address the effects of norepinephrine in vasodilated, hypotensive states and may not even accurately reflect the longer-term effect of norepinephrine infusion in normal subjects. On the other hand, if norepinephrine infusion induces visceral organ hypoperfusion in the vasodilated patient, then it could induce multiple organ dysfunction, loss of gut mucosal integrity (11) , renal ischemia, and the development of greater AKI. In light of such considerations, concern continues to exist as to the advisability of sustained vasopressor infusions in the hypotensive patient.
It is not at all clear, however, that the hypothetical scenario of vasopressorinduced renal hypoperfusion actually occurs in sepsis or other vasodilated states. Such clinical states are characterized by profound alterations in vascular tone. Down-regulation of vascular smooth muscle ␣-adrenergic receptor responsiveness (12) and active vasodilatation occur due to nitric oxide release (13) . In addition, microvascular obstruction by aggregation of platelets and white blood cells, formed by adhesion to the activated vascular endothelium, can disrupt local blood flow distribution independent of ␣-adrenergic tone (14) . Finally, increased cyclic adenosine monophosphate concentrations in the smooth muscle cells of blood vessels, induced by the administration of phosphodiesterase inhibitors, also will decrease vessel tone, as would the loss of sympathetic outflow from epidural blockade.
Under circumstances of marked vasodilatation, it makes physiologic sense to think that the restoration of normal or near normal vascular tone and adequate renal perfusion pressure should improve renal blood flow and glomerular filtration rate. It is controversial, however, whether norepinephrine can achieve these goals safely. Given that these measurements typically require invasive monitoring, animal experimentation is needed to provide initial information on what may happen in the mammalian circulation when norepinephrine is infused in the setting of vasodilatation.
Experimental Data
Norepinephrine can be used to induce a reversible model of AKI (15, 16) when infused into the renal artery at very large doses. Such AKI is induced by marked renal vasoconstriction. Once again, such observations make the physician wary of using norepinephrine in the clinical setting of renal dysfunction, in case it may induce or contribute to AKI. However, a more accurate analysis of the available data is warranted. Norepinephrineinduced intense vasoconstriction only has been seen to occur with the infusion of the drug directly into the renal artery, not via the systemic route at clinically relevant doses (15, 16) . In addition, the dose of drug used in models of norepinephrine-induced acute renal failure was twice to three times that used in appropriate animal studies and well beyond the mean dose usually administered in clinical practice. The relevance of these investigations to clinical practice is, at best, negligible.
Dr. Schaer and colleagues (17) also have reported the renal effects of norepinephrine infusion at different doses with or without the addition of low-dose dopamine. They measured renal blood flow with the technique of regional thermodilution (an unvalidated approach). They found that, although renal vascular resistance appeared to increase from baseline (there was no placebo arm), total renal blood flow progressively increased with increasing doses of intravenous norepinephrine up to 1.6 g/kg/min. In their study, any adverse effects of norepinephrine infusion on renal vascular resistance (please note that total renal blood flow actually increased) were seen in animals with a baseline MAP of 151 mm Hg. No sane clinician would prescribe norepinephrine to a patient with a mean arterial blood pressure of 150 mm Hg! On the other hand, a study by Dr. Anderson and colleagues (18) appears to mimic clinical practice more closely. These investigators infused norepinephrine intravenously at 0.2 to 0.4 g/kg/min (a clinically relevant dose) in conscious dogs and, using an electromagnetic flow probe, studied renal blood flow, renal vascular resistance, and glomerular filtration rate. They found that renal blood flow increased and renal vascular resistance decreased in response to short-term norepinephrine infusion (Fig. 2) . Such norepinephrineinduced renal vasodilatation was unaffected by pretreatment with indomethacin, propranolol, or angiotensin-converting enzyme inhibition. Therefore, renal vasodilatation was not prostaglandin-mediated and was independent of ␤-receptor stimulation or of angiotensin-derived changes in vascular tone. However, efferent autonomic sympathetic nerve blockade with pentolinium before the administration of norepinephrine completely abrogated norepinephrineinduced renal vasodilatation. These investigators logically concluded that, in keeping with previous experimental data (19) , most of the renal vasodilating effect of intravenous norepinephrine could be attributed to an increase in systemic blood pressure, which decreased renal sympathetic tone through a baroreceptor response. The important point here is that norepinephrine, when given at clinically relevant doses by an intravenous route, is not a significant renal vasoconstrictor. The effect of norepinephrine infusion on regional blood flow in the dog also has been recently explored by Dr. Zhang and colleagues (20) . These investigators demonstrated that, in the endotoxemic dog, norepinephrine did not induce any decrease in renal or hepatic blood flow.
The effects of norepinephrine infusion on renal blood flow may not be unique to this vasopressor, but representative of the effects of a group of potent vasoconstrictor agents. For example, Dr. Bersten and colleagues (21, 22) recently have studied the renal effects of epinephrine, another potent vasopressor agent, with a strong mixed ␤-and ␣-adrenergic effect. These investigators administered epinephrine by continuous infusion at clinically relevant doses in the normal and septic sheep. After a short-lived (minutes) and small decrease in renal blood flow at the highest doses tested (0.4 -0.8 g/kg/ min), renal blood flow progressively increased. It remained elevated for up to 6 hrs of norepinephrine infusion. A similar increase in renal blood flow occurred in septic animals. There are no controlled experimental data or controlled human data on the use of high-dose (␣-dose) dopamine or phenylephrine, but it is likely that, in vasodilated states, they also have a beneficial effect on renal perfusion. The data on low-dose vasopressin (23) and terlipressin in liver failure (24) also support a potentially beneficial effect of vasopressors in general on renal perfusion and function.
All of the above studies support the notion that mixed ␤-and ␣-adrenergic agents (norepinephrine affects both receptors), when given to restore blood pressure during vasodilatation and hypotension, can be expected to generally improve renal blood flow. However, the physiologic question persists concerning the effect of norepinephrine per se on the tone of the renal vasculature. Such analysis demands that pressor effects of this agent should be removed from consideration by statistical methods and that issues of preload also should be eliminated by experimental methods. To address this issue, Dr. Bellomo and colleagues (25) recently have conducted a complex and highly invasive physiologic study in the dog using the vascular occlusion technique to study the effect of norepinephrine (norepineprhine) on vascular tone. While a discussion of the methodology is not warranted here, a few points should be emphasized. First, the vascular occlusion technique for the inferior vena cava was used. Such occlusion induces a fall in preload that allows differences in preload between different hemodynamic states to be essentially eliminated from the assessment of the effect of the drug itself on the renal vasculature. Second, both the pressure-to-cardiac index (dynamic resistance) and the point of zero flow were defined. The point of zero flow represents precapillary sphincter tone. Third, these investigators studied animals in the septic and normal state with repeated control observations and a crossover design.
Norepinephrine infusion, at clinically relevant dosages, affected renal blood flow differentially during basal and acute endotoxemic conditions. When normal circulatory controls existed in the otherwise unstressed circulation, norepinephrine infusion failed to proportionally increase dynamic renal blood flow despite increasing arterial pressure. By contrast, once the circulation had been perturbed by the insult of acute endotoxemia (and probably any other state inducing a major degree of vasodilatation), identical dosages of norepinephrine increased both dynamic renal blood flow and perfusion pressure. Importantly, the methodology used allowed the investigators to isolate the effect of the intravenous infusion of norepinephrine on the determinants of steady state renal blood flow independent of perfusion pressure. Under normal conditions, norepinephrine, infused intravenously at a rate capable of increasing MAP by approximately 15 mm Hg, induced a decrease in renal vascular ohmic resistance but an increase in vascular critical closing pressure. This change was such that, in the aggregate, these combined renal vasoactive effects reduced renal blood flow for a constant perfusion pressure. However, during acute endotoxemic conditions, the initial state of the renal vasculature became altered, reflecting the profound effects that endotoxemia has on vascular smooth muscle tone and vascular responsiveness. Under these conditions, the addition of norepinephrine infusion further decreased renal vascular ohmic resistance. It also decreased 
pressure. Thus, norepinephrine infusion in acute endotoxemia appears to reverse systemic hypotension and improve renal blood flow independent of perfusion pressure. These findings, in association with other literature cited, provide a physiologic basis for the administration of norepinephrine during septic shock and other vasodilated states. They also strongly suggest that the paradigm that norepinephrine can or will induce renal ischemia or hypoperfusion in hypotensive vasodilatation is flawed, not evidence-based, contradicted by the available observations, and misleading.
Which Vasopressor?
Studies that directly measure renal blood flow and calculate renal vascular resistance in man are not available. Many clinical reports, however, support the notion that the continuous infusion of norepinephrine may increase urine output and improve creatinine clearance in hyperdynamic septic shock (26 -31) . Of particular interest is a study by Dr. Martin and colleagues (31) because it is the only randomized controlled study available. These investigators randomized 32 patients with hyperdynamic and hypotensive septic shock to either receive highdose dopamine (up to 50 g/kg/min) or norepinephrine (up to 1 g/kg/min) to achieve a predetermined arterial blood pressure (Ͼ80 mm Hg). They studied the overall hemodynamic response of these patients as well as lactate and urinary output after 1 and 6 hrs of therapy. They found that high-dose dopamine failed to restore the target blood pressure in one third of patients while norepinephrine succeeded in all patients. In addition, in those patients whose hypotension could not be corrected with dopamine, norepinephrine restored a MAP of Ͼ80 mm Hg. Urinary output was significantly and markedly improved from baseline once blood pressure was increased. These effects also are seen in experimental sepsis in conscious sheep (Fig. 3) . The controlled study by Dr. Martin and colleagues clearly suggests that norepinephrine is superior to ␣-dose dopamine in restoring blood pressure in septic vasodilated patients and that such correction of blood pressure induces an improvement in urine output. More recently, Dr. Martin and colleagues (31) also reported on the outcome of 97 adult patients with septic shock, of whom 57 were treated with norepinephrine. Patients treated with norepinephrine had a lower mortality than those treated with other pressor drugs and norepinephrine use was identified as a predictor of survival on multivariate logistic regression analysis. These findings support the argument that norepinephrine is safe and effective in hypotensive vasodilated states, and that its renal effects under such circumstances are likely to be beneficial. There are no controlled studies to directly compare other vasopressor drugs such as phenylephrine or epinephrine to norepinephrine. However, phenylephrine and epinephrine are not recommended as first-line agents (32) because of concern regarding unbalanced ␣ vasoconstriction with phenylephrine and lack of sufficient human data and, in the case of epinephrine, concern about its greater tendency to induce hyperlactatemia, acidosis, hyperglycemia, and tachycardia. On the other hand, low-dose vasopressin (10 IU/hr) has been proposed as an adjunct to norepinephrine to decrease its dose in the treatment of septic shock (33).
Low-Dose Vasopressin
Arginine vasopressin (AVP) is an antidiuretic and vasopressor hormone, which, at high doses, induces marked mesenteric vasoconstriction (32) . Because of these properties, AVP has been used for the treatment of patients with diabetes insipidus and variceal hemorrhage due to hepatic failure (32) .
More recently, some studies have shown that a relative AVP deficiency may exist in patients with septic shock (35) and that such deficiency may contribute to the diminished vessel tone seen in this setting (35) (36) (37) . These observations have established a biological rationale for AVP as a possible effective vasopressor in septic shock patients (38, 39 ) when administered at low doses (0.02-0.04 IU/min). Its ability to improve blood pressure at such low doses has been demonstrated in several small clinical studies (38 -45) . It has been assumed that, at such low doses, AVP should have limited adverse effects on regional blood flows. In spite of the increasing reports of its use in human sepsis, little is known about the effects of low-dose AVP infusion on vital organ flows in the normal and septic mammalian circulation in the conscious animal.
We recently reported the finding of a controlled study in normal and septic conscious sheep in which regional blood flows were continuously monitored with transit time flow probes (23) . In this study, we demonstrated that infusion of a low-dose of AVP infusion (0.02 units/min in sheep of approximately 40 kg) had no significant effect on systemic hemodynamics, but induced significant mesenteric vasoconstriction with decreased mesenteric blood flow in normal sheep. The same AVP infusion, when given to septic sheep, decreased cardiac output (CO) as well as mesenteric blood flow through significant mesenteric vasoconstriction. Furthermore, in normal sheep, AVP infusion was associated with a nonsignificant increase in urine output. This increase was more marked during sepsis and became statistically significant, in combination with a significant increase in creatinine clearance.
In terms of central hemodynamic variables, we found no significant changes in MAP with AVP infusion at a rate of 0.02 units/min in either normal or septic sheep. In normal human subjects, it is known that AVP has little effect on MAP, whereas more recent studies showed that AVP could increase MAP in clinical septic shock (40 -45) . It has been suggested that these different responses of MAP to AVP infusion are secondary to the low concentrations of AVP in septic shock. However, many of the studies showing an effect of AVP in MAP have combined AVP with another vasopressor agent. These observations suggest that AVP may potentiate the effect of other vasopressors but that, when used alone, it may have only a limited pressor effect. To our knowledge, there has not been any controlled trial comparing isolated low-dose AVP infusion to placebo in human septic shock. In a recent study in humans, Dr. Klinzing and colleagues (45) needed to infuse an average of 0.47 IU/min of AVP to maintain blood pressure in septic shock. This is Ͼ20 times the dose we administered to our sheep. In animals, fixed low-dose AVP infusion at a dose equal to ours has been studied recently in a lethal model of sepsis in anesthetized sheep (43) . AVP was found to extend survival time and delay the onset of progressive hypotension. In this study and in our report, low-dose AVP clearly could be shown to induce vasoconstriction.
In our study, low-dose AVP infusion significantly decreased CO in septic animals and showed a trend toward decreasing CO in normal sheep. In both normal and septic sheep, these decreases in CO were associated with bradycardia and a reduction in total peripheral conductance. These observations are not physiologically surprising. AVP is known to act on the area postrema to enhance baroreflex activity and, compared with other vasopressor agents, causes a greater fall in CO and heart rate for a given rise in pressure. In a clinical study, AVP infusion decreased CO by 14%. Our findings also are consistent with previous studies using higher doses of AVP (46 -49) . Although we cannot speculate whether this decreased CO would be clinically detrimental or not, our results strongly suggest that low-dose AVP infusion can decrease CO through decreased heart rate and peripheral vasoconstriction. These observations suggest that it may be undesirable to administer low-dose AVP in hypodynamic septic shock.
Low-dose AVP infusion also significantly decreased mesenteric blood flow in both normal and septic sheep. These findings are indirectly supported by studies in other clinical situations, such as cardiopulmonary resuscitation and portal hypertension (50, 51) , in which AVP has been used at higher doses. They demonstrate that, even at low doses, AVP reduces global mesenteric blood flow. The observation that even low-dose AVP remains a powerful mesenteric vasoconstrictor is supported by several recent studies in humans and animals (52, 53) . The clinical implications of such global mesenteric vasoconstriction and decreased gut blood flow are unknown. However, they raise concerns about the physiologic safety of low-dose AVP infusion. Given the lack of major mesenteric vasoconstriction with other vasopressor agents (54, 55) , they invite caution with its prescription. Low-dose AVP was associated with a consistent trend toward coronary vasoconstriction and a decrease in coronary flow in septic sheep, which failed to achieve statistical significance. It is probable that the tendency of AVP to decrease coronary blood flow reflects changes in myocardial oxygen demand induced by decreased heart rate and CO.
Low-dose AVP did not significantly affect renal blood flow but showed a slight trend toward an increased flow in septic animals. However, AVP increased urine output and creatinine clearance in the septic sheep and was associated with similar trends in normal animals. Previous studies have demonstrated that AVP infusion increased urine output and creatinine clearance (40) but, to our knowledge, this is the first study to measure directly the effect of low-dose AVP infusion on renal blood flow. Our findings suggest that, at a low dose, AVP may slightly increase renal blood flow and may have only a limited effect on the V 2 receptors responsible for antidiuresis such that other effects on intrarenal hemodynamics (56) may overcome its normal antidiuretic effect. Our observations also confirm that, during the infusion of vasoactive drugs, urine output and creatinine clearance do not reliably reflect changes in renal blood flow. In conclusion, it appears that low-dose AVP infusion induces a significant increase in mesenteric vascular resistance (decreased conductance) with an associated decrease in mesenteric blood flow. It also decreases heart rate and cardiac output, while it significantly increases urine output and creatinine clearance in septic animals. It would appear unlikely that these systemic and regional hemodynamic effects could add up to clinically important benefits in septic man. The international, multicenter Vasopressin in Septic Shock Trial sought to address the issue of vasopressin support in intensive care units by comparing low-dose vasopressin and norepinephrine to norepinephrine alone in the vasopressor treatment of septic shock. It found no significant overall difference in clinical outcomes. Thus, the addition of low-dose vasopressin to norepinephrine, while not detrimental, does not appear to be of clinical benefit.
Epinephrine
There are no controlled studies of epinephrine in septic man, even though epinephrine (EPI) is the agent of choice for anaphylactic shock. Only case series have been reported in which this agent has been used for the treatment of fluidrefractory hypotension in severe sepsis/ septic shock (57, 58). The major reasons for epinephrine not being more extensively used in the vasopressor treatment of septic shock are related to its metabolic effects-which include hyperglycemia, increased lactate levels, and acidosis-and its tendency to induce a greater degree of tachycardia than other agents (34) . However, little information exists in relation to its effects on regional blood flows and on the kidney (22) . Accordingly, we used a model of hyperdynamic septic shock to investigate the effects of EPI infusion (0.4 g/kg/min) over a prolonged period (6 hrs) on global and regional hemodynamics, on several metabolic variables, and on some indicators of organ function. Our investigation of the regional flow and functional and metabolic effects of EPI in hyperdynamic sepsis revealed several clinically relevant findings. First, we confirmed that EPI infusion at 0.4 g/kg/min has strong positive inotropic actions, which act to increase contractility, stroke volume, and CO. Second, we confirmed that EPI significantly increases MAP. Third, in this clinical setting, which reproduces the central hemodynamic effects of EPI seen in resuscitated human sepsis, we found that EPI had important and variable effects on the four vital regional circulations under study.
We found that EPI significantly reduced renal blood flow and decreased renal conductance (renal vasoconstriction), increased overall urine output, and did not affect creatinine clearance. These observations are very similar to those of Dr. Day and colleagues (59) in patients with severe hyperdynamic human sepsis. These investigators found an increase in renal vascular resistance, a decreased renal blood flow/CO ratio, and no detectable effect on urine output and creatinine clearance. Dr. Bersten and colleagues (22) infused EPI at approximately 0.8 g/ kg/min in septic sheep (intraperitoneal sepsis) and found that EPI had no effect on renal blood flow and induced a shortlived decrease in creatinine clearance. However, this model of sepsis was normotensive and normodynamic. No other such studies exist.
Mesenteric blood flow was increased during hyperdynamic sepsis and remained unchanged during EPI infusion. However, mesenteric conductance fell (mesenteric vasoconstriction). Coronary blood flow was increased during hyperdynamic sepsis. EPI did not significantly decrease global coronary flow but, as was the case for the renal and mesenteric circulations, it induced a significant degree of local vasoconstriction. No other studies of the effect of EPI on coronary blood flow and conductance in sepsis have been performed. We measured sagittal sinus flow, which in the sheep has been validated as a reliable surrogate for cerebral blood flow. We found that severe sepsis did not alter sagittal sinus flow and that the administration of EPI also failed to induce a significant change. Our study found that infusion of EPI resulted in a significant increase in serum glucose concentration, a significant reduction in serum potassium, and hyperlactatemia. In conclusion, EPI infusion at 0.4 g/kg/min in septic, hyperdynamic animals resulted, as in humans, in a significant increase in MAP, CO, heart rate, and myocardial contractility. However, these seemingly positive systemic effects induced vasoconstriction in most regional circulations, decreased renal blood flow, and led to severe metabolic derangements. The clinical meaning of the changes and their significance in relation to AKI remain uncertain. A doubleblind randomized controlled trial comparing norepinephrine to epinephrine has been recently completed in Australia and its publication will address some of these issues.
Terlipressin
Glycine vasopressin (terlipressin) is a modification of the vasopressin molecule that confers somewhat different properties to this vasopressor, the most important one being its long half-life and ability to be given intermittently at dosages between 1 and 2 mg every 6 hrs. This vasopressor agent has been used for the adjunctive treatment of sepsis in experimental studies (60) and several case reports (61) . However, the available evidence is insufficient to come to any conclusion about its possible role in this setting. More interestingly, its most frequent use is in the treatment of hepatorenal syndrome. This use is, of course, particularly relevant to AKI.
In patients with hepatorenal syndrome, systemic vasodilatation, which has been attributed mainly to splanchnic vasodilatation, is believed to play a critical role in the activation of endogenous renal vasoconstrictor pathways. These pathways, in turn, are believed to induce functional AKI. According to this logic, vasoconstrictors such as terlipressin may improve renal function by reducing splanchnic vasodilation and increasing central circulating blood volume and reducing endogenous renal vasoconstriction (62) . In fact, although more studies have been performed with terlipressin than with other agents, other vasoconstrictors, such as norepinephrine, may be equally effective (63) . The effect of terlipressin on the circulation of patients with cirrhotic ascites has been studied in detail in six patients (64) . In these patients, terlipressin reduced the heart rate, increased mean arterial pressure by approximately 15 mm Hg, and reduced cardiac output. However, it failed to affect renal blood flow and hepatic venous pressure gradient. These observations highlight our very limited understanding of how terlipressin may affect renal function in cirrhotic patients. The Cochrane metaanalysis group recently reviewed the clinical efficacy of terlipressin for hepatorenal syndrome (65) . As of 2006, there had been only six randomized clinical trials of which three were still ongoing. The three available trials had only studied 51 patients and, in such trials, other significant treatments also were given, such as fresh frozen plasma, albumin, and cimetidine. Only one trial had appropriate blinding and randomization. However, within the confines of these significant limitations, terlipressin therapy was associated with a significant improvement in creatinine clearance, a lowering of serum creatinine, increase in urine output, and a decrease in short-term mortality (65) . These observations suggest that terlipressin has a potential for benefit but also that more rigorous multicenter blinded assessment of its renal and systemic effects is needed.
CONCLUSIONS
The use of norepinephrine (and probably vasopressor therapy in general) in ICU patients with hypotensive vasodilatation despite fluid resuscitation and evidence of renal dysfunction remains the subject of much debate and controversy. Although there is concern about the use of these drugs, these concerns are unfounded. At this time, the experimental and human data strongly suggest that, in these patients, vasopressor therapy is certainly safe and probably beneficial from a renal (and probably general) point of view. On the basis of currently available evidence in hypotensive vasodilated patients with AKI, restoration of blood pressure within autoregulatory values should occur promptly with norepinephrine and be sustained until such vasodilatation dissipates. The additional role of other vasopressors in these situations remains unclear. The addition of vasopressin may be helpful in individual patients but widespread use is not supported by evidence. ␣-Dose dopamine has no advantages over norepinephrine and is not as reliably effective in restoring blood pressure and urine output. Its use cannot be supported in patients with vasodilatation and AKI. Other vasopressor drugs, such as epinephrine and phenylephrine, may be similar in efficacy to norepinephrine. However, experience and available data with their use are vastly less than with norepinephrine. Epinephrine, in addition, is associated with hyperglycemia, hyperlactatemia, acidosis, and hypokalemia. Terlipressin appears useful in patients with AKI secondary to hepatorenal syndrome. Whether it is superior to norepinephrine in this setting remains uncertain and more studies are needed before recommendations can be made.
